a-Mannosidase was found associated with the vacuolar membranes of yeast. The vacuoles were isolated by flotation from osmotically disrupted spheroplasts of Saccharomyces cerevisiae. The enzyme was used as marker for isolating vacuolar membrane fragments directly from whole cells which were mechanically disintegrated. Over 90% of the total a-mannosidase was recovered in the particulate fraction. The enzyme was present in all of the fractions obtained upon differential centri fugation. Density gradient centrifugation in Urografin (5 -20% w/v) of preparations obtained by differential centrifugation between 20 000 and 50 000 x g did not result in density equilibrium of the membrane. An isolation procedure involving a sedimentation velocity cut in Urografin gradients has, therefore, been worked out. 
The vacuolar membrane (tonoplast) represents

M aterial and M ethods
Organism and its culture
Strain LBG 1022 of Saccharomyces cerevisiae has been cultured as described previously 8. Cells used for mechanical disrupture were grown to early sta tionary growth phase. Growing cells used for pre paring protoplasts and vacuoles were obtained by allowing one generation after addition of new cul ture medium to an early stationary phase culture.
Spheroplasts and vacuoles
These were prepared essentially according to Wiemken 9 . Enzyme activities a-Mannosidase activity (E.C. 3 .2 .1 .2 4 ) was estimated using p-nitrophenyl-a-mannoside (1 m g/ ml) as a substrate. 100 /u\ of enzyme were mixed with 100 ju\ of substrate and 0.3 ml of buffer. The incubation at 37 °C was stopped by adding 2.5 ml of 0.2 M Na2C 0 3 . Optical density readings were made at 4 0 0 nm. In citrate-phosphate buffer the optimum of activity is at pH 6.1, the curve showing a broad maximum between pH 5 .4 and 6 .8 . How ever, the activity was higher in the presence of TrisHCl (0.01 m ) and was optimal in this buffer at pH 7.2. These conditions were used routinely in the assays.
Extraction of cells
Other enzyme activities were estimated according to standard procedures.
Protein and RNA
Perchloric acid extracts of TCA-precipitates were analyzed for RNA using either the orcinol reac tion 10 or UV absorption at 2 6 0 nm. Urografin did not interfere with the orcinol reaction; RNA present in density gradients was, therefore, estimated direct ly in the fractions. Protein was estimated according to Lowry et al. 11.
Electron microscopy
Pellets of isolated tonoplast fragments were fixed according to H e ss12 and thin sections contrasted with lead citrate 13.
Results and Discussion
The suitable marker enzyme Incubation of whole cells of baker's yeast in the presence of p-nitrophenyl-a-mannoside yields vir tually no reaction product. Evidently, a-mannosidase is localized intracellularly. Since many hydrolases are known to be concentrated in preparations of isolated va cu o les1 this organelle prepared from osmotically lysed spheroplasts was analyzed for the presence of a-mannosidase activity. The result pre sented in the Table I indicates, indeed, a concentra tion of this activity in the fraction of isolated vacuoles, the specific activity being ca. 20 times higher than in the lysed spheroplasts. Sim ilar ratios of specific activities in spheroplasts and vacuoles 
Isolation of tonoplast fragments
The association of a-mannosidase with mem branes is also demonstrated by the observation that over 90% of the total activity present in cell free extracts is sedimentable. A preliminary trial using a comparatively steep density gradient of Urogra fin 2 has shown that the enzyme was contained in a m ixed fraction of light membranes equilibrating at low densities of Urografin. It was, therefore, decided to use flat gradients in order to separate these mem branes; in addition it seemed advisable to start den sity gradient centrifugation with a rather small frac tion of sedimentable material containing a high pro portion of a-mannosidase. Hence, differential centri- Table  111 A was initially employed. Sedim ent 2 obtained between 30 min 20 0 0 0 X g and 6 0 m in 50 0 0 0 X g contains ca. 42% of the total activity. It was used in the subsequently described density gradient cen trifugation.
Of the various gradient materials tested (sucrose, Ficoll, sorbitol and Urografin) by far the best sepa ration of membranes could be achieved in gradients of Urografin. After 2.5 hours of centrifugation in a gradient ranging from 5 to 20% (w /v) Urografin, a-mannosidase was concentrated in a band cor responding to a density of ca. 1.0 8 g e m " 3. The distribution curve (Fig. 1) sidase peak demonstrate the presence of both, mem brane vesicles and ribosom es form ing two distinct layers in the pellet (Fig. 4 A * ) . In order to induce a further sedimentation of free ribosom es the same gradient system was now centrifuged for prolonged periods of time. The result was unexpected as not only the RNA but also the a-mannosidase activity moved towards higher densities of Urografin; after 12.5 hours of centrifugation both, RNA and a-man nosidase were contained in the sediment. This result suggested that a separation could possibly be achieved by taking advantage of the different sedi An attempt to follow the sedimentation by ana lyzing gradients after various periods of centri fugation has yielded the results illustrated in the Fig. 2 . After 1 hour the peaks of RNA and mannosidase had roughly the same position in the gra dient; however, after 5 hours the enzyme was pre sent in a relatively broad band in the region of ca. 13% Urografin whilst the bulk of RNA had sedimented. It was now clear that the isolation and purification of tonoplast fragments had to be based on a sedimentation velocity cut. In addition, it seemed necessary to eliminate the bulk of free ribo somes by m odifying the initial differential centri fugation. As shown in Table III B this could be achieved by reducing the duration of the second centrifugation at 50 0 0 0 x g from 60 min to 20 min. As a consequence the yield of a-mannosidase is re-duced from 42% to 18% of the total activity. The high specific activity in sediment 2 as well as the low RNA content justify, however, the loss of quan- (Fig. 4 B ) . Whether ribosom es that can still be detected in the preparation are free or bound to the membranes is unknown. In any case W iemken 9 has been able to observe polysom e-like structures in electron micrographs of isolated vacuoles which had been stained with uranyl acetate. Interpretations of data produced upon the biochemical analysis will have to take into account that the preparation may be contaminated as suggested by the presence of structured material in some of the membrane vesi cles.
The specific activities of enzymes estimated in the pelleted membrane fragments are listed in the Table IV . a-Mannosidase activity in the isolate is about 12 times higher than in the cell free extract. However, only this marker enzyme is concentrated to such an extent in the final preparation. RNase is completely absent; as mentioned before it is loca lized in the cell sap. In contrast, /?-glucosidase which is known to be localized in the extracellular space as well as in vacuoles and secretory v esicles2 is present in the isolate at a comparatively high speci fic activity, whereas invertase whose vacuolar locali zation has also been reported14 has been largely eliminated in the course of tonoplast isolation. U n specific aggregation of these hydrolases, which are both predominantly localized extracellularly, with isolated membranes is rather unlikely since a-glu- cosidase, a soluble cytoplasmic enzyme is completely absent from the isolate. On the other hand the distri bution curves of invertase and /?-glucosidase (Fig. 3) do not suggest a specific association with a-mannosidase marking the position of tonoplast fragments. Still another problem concerns ATPase and oxidoreductases which have previously been detected in preparations of isolated v a cu oles1' 9. These enzymes are known to be also localized in mitochondria, endoplasmic reticulum and (ATPase only) in plasmalemma. They are present in the iso late at rather high specific activities; nevertheless the distribution curves (Fig. 3) are not decisive. There are certainly several distinct types of mem branes containing these enzymes which are present in the preparation used for gradient contrifugation. Contaminating mitochondrial membranes in the iso late can be neglected as documented by the absence of cytochrome oxidase. A membrane containing oxidoreductases bands in the fractions 10 -12 (Fig. 3 ) ; it is possibly endoplasmic reticulum in nature. It should be mentioned that NADPH-cytochrome c oxidoreductase which has been described as a marker enzyme of the yeast endoplasmic reti culum 15 is practically absent from the isolated membranes (see Fig. 1 ). Hence, it is possible that the activities of the NADH-dependent oxido reductases present in this preparation are consti tuents of the isolated membranes, and this would
